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Traditional sausagesdsmoked, fermented or drieddare meat products that are part of the traditional
daily diet in rural Portugal, and also highly valued in major cities with an increasing demand. These
ethnic meat products are manufactured mainly by small-scale industries or artisanal producers ac-
cording to and/or inspired by traditional processes. They are present in a wide variety of types, many
recognized for their quality (38 certiﬁed products). Presently, cure technologies used are important for
the potential they represent in transformation and diversiﬁcation. Additionally, they add ﬂavors and
colors to meat that are much appreciated, surpassing meat preservation proposes. A review on the types
and manufacturing technological aspects associated to Portuguese traditional sausages (PTS) is provided
in this article. Additionally, nutritional composition of the products is presented. Future developments
foreseen in the ﬁeld, in the light of current knowledge and market trends, are ﬁnally addressed.
Copyright © 2016, Korea Food Research Institute, Published by Elsevier. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Mediterranean sausagesmaybe classiﬁed as dry fermentedmeat
products. They are made predominantly with pure pork products
and involve long ripening periods, up to several months, often
without clear separation between fermentation and drying. These
maybe considered low-acidicmeat products (ﬁnal pH> 5). Shelf life
is mainly determined by drying and lowered water activity [1,2].
Raw fermented sausages, in general, can be deﬁned as products
made by selecting, chopping, and mincing meat and fat, with or
without offal, mixed with seasoning, spices, and authorized addi-
tives, that are then ripened and dried (cured) and, sometimes,
smoked (for example, in Portugal curing is usually associated to
smoking) [3]. However, regional traditions, environmental varia-
tions, family recipes, and other factors have given rise to a wide
range of fermented sausages, and it can be said that there are
almost as many types of sausages as there are geographical regions
or ultimately manufacturers, although their production processes
always require the combination of fermentation and dehydration
and/or smoking [2,4]. In the speciﬁc case of Mediterraneanotelaria e Turismo do Estoril,
ortugal.
uerra).
titute, Published by Elsevier. This iscountries, including Portugal, air-dried sausages made with spices
are the most common type, with relatively long ripening periods
compared to central and northern European countries [5], where
fermentation is usually accompanied by a smoking process or a less
intense drying process. In both categories of sausages, industrial
development in general, also includes the use of starter cultures to
standardize and control production, with some exceptions. Con-
cerning the latter, in Portugal most of the manufacturers do not add
any starters to the meat mixtures for sausages [6,7]. These tradi-
tional/ethnic sausages are very different from those found for
instance in the American market, where the most commonly found
fermented sausages are semi cured, fermented rapidly at relatively
high temperatures, with a short drying period leading, therefore, to
very different organoleptic characteristics [8e10]. In this paper,
authors review the main types of traditional meat sausages pro-
duced in the different regions of Portugal, addressing three main
issuesdproduction, nutritional composition, and future trends.
2. Manufacturing technological aspects associated to
Portuguese traditional sausages
2.1. Types of products
There is a wide variety of sausages produced in Portugal, and
albeit being produced all over the country, they are predominantlyan open access article under the CC BY-NC-ND license (http://creativecommons.org/
J Ethn Foods 2016; 3: 51e6052manufactured in the North region (namely in the districts of Vila
Real and Bragança, generally deﬁned as Tras-os-Montes) and in the
Southern region of the country (Alentejo, comprising the districts
of Evora, Beja, and Portalegre).Table 1
Current and classiﬁed traditional sausages, bagged hams, and other traditional meat pro
Type Name
Alheira Alheira de Boticas
Alheira de Chaves
Alheira de Mirandela
Alheira Terras da Alfa^ndega
Assadura Assadura de Boticas
Bucheira Bucheira de Boticas
Bucho Bucho da Sert~a
Bucho de carne de Pinhel
Butelo Butelo de Bragança
Cabeça de xara
Cacholeira branca
Catal~ao Catal~ao de Barrancos
Chouriça Chouriça de bofe da Guarda
Chouriça de carne da Guarda
Chouriça de carne de Pinhel
Chouriço Chouriço de carne
Chouriço de carne Terras da Alfa^ndega
Chouriço doce Terras da Alfa^ndega
Chouriço azedo de Farinha de Boticas
Chouriço azedo Terras da Alfa^ndega
Chouriço de abobora de Boticas
Chouriço de Barrancos
Chouriço de carne da Serra de Monchique
Chouriço Mouro dos Açores
Chouriço raiano
Farinheira Farinheira da Guarda
Farinheira de milho de Monchique
Farinheira raiana
Farinhota Farinhota de Boticas
Linguiça Linguiça de Boticas
Linguiça de Chaves
Lombo
Maranhos Maranhos da Sert~a
Molhos Molhos de Monchique
Morcela Morcela da Guarda
Morcela de Pinhel
Morcela doce de Jarmelo
Morcela de carne de Monchique
Morcelas de S. Miguel
Morcilha Morcilha de Barrancos
Moura Moura de Vila Real
Paia
Painho
Paio Paio branco
Paio de Barrancos
Paio de lombinho
Paio de lombo de Barrancos
Paio raiano
Presunto Presunto Terras da Alfa^ndega
Presunto de Lamego
Presunto do Mar~ao-Padrela
Presuntos de Fi~aes e de Castro Laboreiro e
Salpic~ao Salpic~ao de Boticas
Salpic~ao de Chaves
Salpic~ao de Terras da Alfa^ndega
Salsich~ao Salsich~ao de Barrancos
Sangueira Sangueira de Boticas
Note.Based on information from Direcç~ao-Geral de Desenvolvimento Rural (DGDRural),In 2001, an inventory accomplished by the Portuguese Ministry
of Agriculture (Ministerio da Agricultura, do Desenvolvimento
Rural e das Pescas) was published listing and characterizing main
traditional products from Portugal, including meat products [11].ducts from Portugal.
Name/protected geographical status
Alheira de Barroso Montalegre PGI
Alheira de Vinhais PGI
Butelo de Vinhais PGI
Butelo Terras da Alfa^ndega PGI
Cacholeira branca de Portalegre PGI
Chouriça de carne de Barroso-Montalegre PGI
Chouriça de carne de Vinhais PGI
Chouriça doce de Vinhais PGI
Chouriço azedo de Vinhais PGI
Chouriço de abobora de Barroso-Montalegre PGI
Chouriço de carne de Estremoz e Borba PGI
Chouriço de Portalegre PGI
Chouriço grosso de Estremoz e Borba PGI
Chouriço Mouro de Portalegre PGI
Farinheira de Estremoz e Borba PGI
Farinheira de Portalegre PGI
Linguiça de Portalegre PGI
Linguiça do Baixo Alentejo PGI
Linguiça de Vinhais PGI
Lombo branco de Portalegre PGI
Lombo enguitado de Portalegre PGI
Morcela de assar de Portalegre PGI
Morcela de cozer de Portalegre PGI
Morcela de Estremoz e Borba PGI
Paia de lombo de Estremoz e Borba PGI
Paia de toucinho de Estremoz e Borba PGI
Painho de Portalegre PGI
Paio de Beja PGI
Paio de Estremoz e Borba PGI
Melgaço
Presunto de Barrancos PDO
Presunto e Paleta do Alentejo PDO
Presunto e Paleta de Campo Maior e Elvas PGI
Presunto e de Santana da Serra PGI
Presunto de Barroso PGI
Presunto de Vinhais PGI
Salpic~ao de Barroso-Montalegre PGI
Salpic~ao de Vinhais PGI
Sangueira de Barroso-Montalegre PGI
2001 and Qualiﬁca, 2011.
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terms of traditional productsdEuroterroirsdGroupement Euro-
peen d'Intere^t Economique, although limiting the national quota
to 350 products, thus excluding many others, as is stated in the
publication. Table 1 summarizes the major types of traditional/
ethnic sausages, bagged hams, and other traditional meat prod-
ucts from Portugal that were included in the previously
mentioned publication and also in the shopping guide for tradi-
tional products published in 2011 by Qualiﬁca (Associaç~no
Nacional de Municípios e de Produtores para a Valorizaç~no e
Qualiﬁcaç~no de Produtos Tradicionais Portugueses) [12], a national
association of producers for the valorization and classiﬁcation of
traditional products. For each type of product, the most popular or
classiﬁed kinds which differ according to the producing region or
geographical area, are also indicated. Out of the 26 types indicated
and 91 kinds, 38 products are certiﬁed: 36 with Protected
Geographical Indication (PGI) and two with Protected Designation
of Origin status (Fig. 1).
2.2. Ingredients of Portuguese traditional sausages
Portuguese traditional sausages (PTS), like other sausages,
consist mainly of pork meat (with the exception of alheira and far-
inheira) and fat, asmain ingredients. For the largemajority of each of
the indicated products, ingredients and additives are regulated
under the Portuguese standard system. Different autochthonous pig
breeds, fed differently, cause inevitable differences of taste in sau-
sages, which are produced in different regions [13]. For example, in
Tras-os-Montes “Bísaro” breed (or crosses) is the predominant meat
source, while in Alentejo, “Porco Alentejano”, a rustic and fatty pigFig. 1. Classiﬁed traditional meat products from Portugalsimilar to the Spanish Iberian pig, is the main breed for traditional
sausage production. Also, commercial pig breeds such as large
white, landrace, Pietrain, and particularly Duroc and their crosses
with local breeds are frequently used.
Meat (muscle, fat, offal, blood) from other species (beef, poultry,
game meat) may also be added, depending on the product, as well
as other less frequent ingredients such as bread, ﬂour, rice, nuts,
and fruits.
Salt, red pepper paste, and garlic paste are the condiments that
are used traditionally [14]. These substances are extremely impor-
tant, as they provide necessary organoleptic characteristics,
contributing to the typicality of the products. An important role of
these seasonings in the inhibition activity of spoiling and pathogenic
microorganisms has been shown. Moreover, it appears that they
favor the growth of lactic acid bacteria promoting lactic fermentation
[15]. For example, salt serves several functions: gustatory, bacterio-
static, and promoter of physical and chemical changes in deep
muscle or fatmeat. At low temperatures, it is considered an excellent
regulator of microbial ﬂora. Although not having a destructive action
against bacteria, concentrations as high as 10% inhibit the growth of
various microorganisms, whereas at concentrations of 7e8%, it acts
only on anaerobes. Salt used in the production of dry cured sausages
at concentrations between 2.5% and 3% inhibits the growth of
pathogenic microorganisms, but does not affect the microbial
development responsible for acidiﬁcation, which is inﬂuenced only
at concentrations > 3%. The bacteriostatic action of the salt at the
concentrations used in meat products is partial and is reinforced by
smoking, drying, and other processes [16,17].
To distribute condiments in the meat, water is used as an
excipient, which facilitates the absorption of seasonings by theaccording to their geographical area of production.
J Ethn Foods 2016; 3: 51e6054meat and the mixing process. As excipients, wine (especially
white), sweet wine, and vinegar may also be used, acting also as
condiments. Red pepper paste is a product obtained from milling
and sifting fresh ripened red peppers (Capsicum annuum L.), which
is then salted and fermented. Garlic (Allium sativum L.), having a
typical taste, is always present in the sausages although the amount
added to the product varies depending on the product type and the
production area. In addition to these, other spices such as black
pepper (Piper nigrum), clove (Syzygium aromaticum), cumin
(Cuminum cyminum), bay leaf (Laurus nobilis), and others are also
used, depending on the region and type of product, and signiﬁ-
cantly among producers [18].
According to speciﬁc regulations, additives may also be incor-
porated (nitrites, for example); salt is used with incorporation of
nitrite and/or nitrate, depending on the legislation. The use of these
additives is intended to improve the color, ﬂavor, aroma, and
preservation of cured products [15].
Casings that are used can be from natural lamb, pork or beef,
fresh, salted, dried or, as an alternative, artiﬁcial edible. This will
serve to case the mass, deﬁning the shape and constituting the
outer part of the ﬁlling. Often, the casing used from the small in-
testine is used for smaller size sausages, such as linguiçaswhile the
casing of the large intestine (rectum) is used for the production of
sausage of medium/coarse caliber such as salpic~oes or paios. In
general, the use of natural casings is preferred in order to ensure
tradition and originality of the products [18].
2.3. Products characterization
Considering the vast number of products, only the most signif-
icant will be characterized aiming to explain the major differencesFig. 2. Some traditional Portuguese sausages. (A) Alheira (Tras-os-Montes);
(B) Chouriça de Porco Bísaro (Tras-os-Montes); (C) Chouriço de Carne (Alentejo);
(D) Chouriço Mouro (Beira); (E) Morcela (Alentejo); (F) Morcela (Tras-os-Montes);
(G) Linguiça (Alentejo); and (H) Farinheira (Alentejo).among them [15,18e20] and photos of some of them are also
provided: (1) alheira (Fig. 2A)dsausage cured by smoking, made of
a mixture of different types of meats (veal, pork, chicken, turkey,
game meat, etc.) connected by bread and fat. Speciﬁc spices like
salt, pepper, paprika, olive oil (or lard) are added as well as garlic
and legally authorized additives; (2) chouriça (Fig. 2B)dcan be of
various types: meat, blood, honey, etc. The chouriça de carne (meat
type) is made of lean and fat pork andmixed with red pepper paste,
garlic or salt, among others. It can be traditional (made exclusively
with natural casings), current (made with boiled or brined rind), or
extra (madewith selected leanermeats). Its appearance is ﬁrmwith
a reddish color and brightness; (3) chouriço de carne (Fig. 2C)d
stuffed smoking and/or cured of narrow gauge and variable format
consisting of pork and fat, macroscopically visible in fragments
with added spices (such as salt, garlic, red pepper paste) and ad-
ditives. This sausage can be classiﬁed as: traditional chouriço,
chouriço extra (fat free, < 3 times the total protein content), and
chouriço corrente (free fat content, < 2 times the total protein); (4)
chouriço mouro (Fig. 2D)dsausage cured by smoking and mainly
from pork fat and offal, fresh or cold treated, ﬁnely fragmentedwith
seasonings (salt, pepper, and cloves) and additives added. The
exterior appearance is a black color, shiny with semi-soft consis-
tency. When cut, the dough should be homogeneous, perfectly
connected, with marbled aspect, and bright; (5) morcela (Figs. 2E
and 2F)dsausage blanched in hot water and/or smoked, basically
consisting of pig fat, ﬁnely fragmented, and blood, added spices,
and additives. The essential ingredients are soft fat, minced pork
and fresh blood. It varies considerably according to the producing
region; (6) linguiça (Fig. 2G)dsmoked sausage consisting solely of
meat and fat pork chopped with added spices and possibly addi-
tives, fat free content and < 2.5 times the total protein content; (7)
farinheira (Fig. 2H)dﬁlled, smoked, and cured, presenting a
crumbly mass, horseshoe-shaped or right, consisting of pig fat (not
less than 45% of total weight of ingredients), fresh, or cold treated.
To the mixture of pork fat ﬁnely chopped, orange juice is added, as
well as white wine, wheat ﬂour, and sweet spices, such as sweet
paprika, pepper, salt, etc. The casing is not completely ﬁlled with
the mixture; (8) chouriço de sanguedsausage blanched in hot wa-
ter, basically consisting of blood and pig fat with spices, including
pepper, vinegar, cloves, and additives; (9) cacholeiradsausage
blanched in hot water and/or smoke consisting of liver and other
internal organs, and pig fat, fresh or cold treated, ﬁnely shredded
with added spices and additives. The exterior is dark brown,mat, or
brilliant, depending on the type and presents a semi-soft consis-
tency; and (10) salpic~aodcan be made according to different vari-
ants, both in terms of the method of preparation and the
condiments used for ﬂavor. Casing is natural and the mix is made
with pork loin or other lean parts, as well as ﬁrm fat. Large pieces of
meat from the loin are used, seasoned with paprika, garlic, bay leaf,
and wine. The meat stays for some time in the so called “vinha de
alhos”, which is a type of brine made with the referred condiments.
Smoking time varies considerably with the producing region.
Many sausages are produced using traditional processes at small
manufacturing units, where conditions like time and temperature
during the different processing stages are not fully controlled.
During recent years, however, some units became more industri-
alized, even when adopting traditional processes. Variations to the
traditional manufacturing processes refer to themechanization and
the control of the curing phase (with the use of curing and/or
smoking chambers with controlled temperature and humidity),
achieving a continuous and less variable production throughout the
year.
Cured sausages may be consumed raw, but are mostly cooked,
fried, roasted, or boiled and used as starters or as ingredients in
different recipes, such as the cozido a Portuguesa, which is a
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shin of beef, pork, assorted offal, chicken, and several types of
Portuguese smoked sausages; also, it is prepared and served with
cabbage, carrots, turnips, rice, potatoes, sweet potatoes, and collard
greens, depending on the regions.2.4. Manufacturing technological process
Sausage production comprises the following main steps: (1)
escolhadmeat and fat selection; (2) migadmeat chopping; (3)
preparation of the mix and seasoning; (4) maturation; (5) ﬁlling;
(6) atadura e picadodtie and prick of casings; (7) ripening (curinge
smoking and/or drying); or (8) heat treatment.
The selection step is the operation where different meats and
fats that make up the various types of sausage are selected, elimi-
nating parts that should not be included in the sausages. Muscle/fat
relation from meat is very important, as the amount of fat affects
the quality of the cured products, particularly tenderness, juiciness,
and ﬂavor. In addition, it keeps moisture in muscle ﬁbers, thereby
accelerating the fermentations that occur during the curing stage.
Therefore, when choosing the meat, it should be noted that the
resulting mass should be balanced in terms of composition of lean
meat and ﬁrm fat [15]. Meat chopping reduces raw material (meat
and fat) to suitably sized fragments. This is a manual or mechanical
operation. Manual chopping is still associated with homemade
sausage making. The degree of size reduction is directly related to
the elimination of water, slower for larger fragments, and with the
binding of the masses, greater with smaller fragments. In the
preparation of themix, other ingredients are added to themain raw
materials and mixed until a homogeneous mass is obtained. TheFig. 3. Examples of gastronomic use of PTS. (A) Several Portuguese sausages boiled in
the Cozido a Portuguesa; and (B) serving cozido a Portuguesa with all the ingredients.maturation phase of themeatmasses is characterized essentially by
the entry of salt in meat pieces and simultaneous by the extraction
of water and myoﬁbrillar proteins and microbial development,
which results in the release of products of its metabolism. When
extracted, myoﬁbrillar proteins make the surfaces of the fragments
sticky and play a key role in connecting the masses (Frey, cited by
Elias et al [8]). In the ﬁlling operation, the matured mass is intro-
duced into casings. These casings provide cohesion to the mass,
shape, and size, protecting from superﬁcial external inﬂuences,
including microbial contamination. They cannot be a source of
microbial or chemical contamination. The cure, which in Portugal is
almost always associated with smoking, continues the physical,
chemical, biochemical, and microbiological processes started at the
stage of maturation, and will result in products with organoleptic
and preservation characteristics completely different from the raw
material (Rosario, cited by Elias et al [8]).
In traditional/artisanal activity, fermented meat products are
made without inoculation of commercial starter cultures and
addition of sugars. The fermentation process is spontaneously
achieved at a moderate rate by the natural occurring microbiota, at
room temperatures difﬁcult to standardize [6,7].
Fermentation and ripening/drying are not always two separate
steps and can be carried out in a natural dryer depending on local
climate conditions. Traditional dry sausages rely on natural
contamination by environmental microbiota. This contamination
occurs during slaughtering and increases during manufacturing
[10].
Microbiota of dry/fermented sausages include bacteria useful
for fermentation, but also spoilage microorganisms that may cause
negative changes in the sensory properties of the ﬁnal product, due
to their metabolic activity. However, it is documented that tradi-
tional dry/fermented sausages rarely present health risks associ-
ated to microbial contamination [21].
Gram-positive, catalase-positive cocci constitute the second
most dominant microbiota after lactic acid bacteria in French,
Spanish, and Portuguese sausages. The most abundant species,
Enterococcus faecium and Enterococcus faecalis, may competewell in
fermented sausages. In fact, the development and type of micro-
biota depends on speciﬁc formulations and technological practices
and is also controlled during smoked fermented/dry sausage pro-
cessing. For example, the particular technology of chouriço with
preventive hygienic measures applied during processing has
particular hurdle phases, such as a resting period and a smoking
period complemented by a drying phase, which contribute to the
stability and safety of the product [22e24].
The smoking step is, in most cases, the intensive smoking by
direct ﬁre from hard wooddespecially cork and helm oak (Quercus
suber and Quercus rotundifolia, respectively). Smoke ﬂavorings,
such as aldehydes, aliphatic acids, and phenolic compounds, in
addition to ﬂavor and color, also contribute to the foregoing quality
(shelf life) of processed meats and are effective antibacterial and
antifungal agents (Wendorff and Hollenbech, cited by Matos et al
[25]). Distinct speciﬁc taste, odor, and appearance patterns in
sausages are created according to the smoking operation, different
in terms of extension and intensity according to the regions of
Portugal, also generating diverse contents of polycyclic aromatic
hydrocarbons associated to these products [26,27].
After smoking, sausages are still in a drying process, and are
placed in chambers that are prepared for this purpose. The changes
started in the smoking step should continue, including dehydration
and acidiﬁcation. At this stage, the reduction of water activity takes
place to values that allow the preservation and safety of the
products. Also, there is a series of biochemical phenomena that
determine the organoleptic characteristics (taste, aromatic), which
are distinctive of traditional sausages [18,26].
Table 2
Mean composition values for some traditional Portuguese sausages.
Product Energy
(kcal)
Energy
(kJ)
Water
(g)
Protein
(g)
Total
fat (g)
Total CH
available (g)
Mono þ disaccharides
(g)
Starch
(g)
Fiber
(g)
Saturated
fatty acids (g)
Monounsaturated
fatty acids (g)
Poli unsaturated
fatty acids (g)
Trans fatty
acids (g)
Linoleic
acid (g)
Cholesterol
(mg)
Alheira 308.5 1,291 43.8 8.3 18.1 27.4 1,0 26.4 1.4 5.2 6.6 4.1 0.05 3.7 32
Chouriço de carne de porco, magro
(lean pork meat chourico)
408 1,709 32.5 24.5 34.5 0 0 0 0 11.9 13.6 4,0 0.1 3.4 85
Chouriço de carne de porco, gordo
(fat pork meat)
544 2,276 23.0 15.4 53.6 0 0 0 0 18.5 21.2 6.2 0.15 5.3 96
Chouriço de sangue 328 1,374 54.1 11.0 31.6 0 0 0 0 12.3 14.2 2.6 0.11 2.1 110
Farinheira 498 2,084 25.3 4.8 41,0 26.7 0.5 26.2 1.2 14.5 16,0 6.6 0.11 5.8 58
Fiambre 303 1,269 51.5 18,0 25.5 0.5 0.5 0 0 8.9 11.8 3,0 0.07 2.7 64
Linguiça 437 1,828 31.3 21.5 39.0 0 0 0 0 13.4 15.4 4.5 0.11 3.9 85
Morcela 363 1,519 44.8 12,0 29.5 12,0 0.4 11.6 0.6 9.7 11.3 3.8 0.08 3.3 106
Mortadela 379 1,586 42,0 18.3 33.2 1.7 0 1.7 0 12.4 15.2 3.4 0.1 3,0 60
Paio de lombo (“marble”) 288 1,204 41.7 29.2 19,0 0 0 0 0 6.5 7.5 2.2 0.06 1.9 65
Paio de lombo entremeado 361 1,511 37.9 22.8 30,0 0 0 0 0 13.7 15.7 4.6 0.12 3.9 77
Presunto 215 900 55.2 25.0 12.8 0 0 0 0 4.1 5.1 1.4 0.02 1.2 66
Salame 422 1,764 38,0 19.5 37.6 1.3 0 1.3 0 12.9 14.9 4.3 0.11 3.7 80
Salpic~ao 412 1,725 32.6 20.5 36.7 0 0 0 0 12.6 14.5 4.2 0.11 3.6 84
Salsicha fresca (fresh raw sausage) 210 877 65.7 15.5 16.4 0 0 0 0 5.4 5.4 1.1 0.1 0.8 45
Salsicha tipo Frankfurt (frankfurt
type sausage)
178 743 70.0 9,0 14.7 2.4 1.2 1.2 0.1 4.8 5.7 1.6 0.03 1.4 46
Average (m) 324.0 1357.0 46.0 19.2 26.8 1.6 0.2 1.4 0.1 9.5 11.1 3.1 0.1 2.7 70.7
DRI < 300
Product Retinol (Vitamin
A total) (mg)
Vit. A (retinol
equivalents) (mg)
Vit. D
(mg)
a-
Tocoferol
(mg)
Tiamine
(mg)
Ribo
ﬂavine
(mg)
Niacine
equivalents
(mg)
Niacine
(mg)
Vit B6
(mg)
Vit.
B12
(mg)
Folate
(mg)
Na (mg) K (mg) Ca
(mg)
P
(mg)
Mg (mg) Fe
(mg)
Zn
(mg)
Alheira 0 0 0 0.3 0.02 0.07 3.7 2.4 0.03 1.0 1.0 667 86 19 52 16 0.3 1.1
Chouriço de carne de porco, magro
(lean pork meat chourico)
0 0 0 0.4 0.69 0.2 6.3 5.0 0.38 1.8 1.0 2,300 210 30 280 21 2.7 3.1
Chouriço de carne de porco, gordo
(fat pork meat)
0 0 0 0.2 0.38 0.19 9.2 4.0 0.27 1.7 1.0 2,634 369 23 200 21 2.5 3.1
Chouriço de sangue 0.012 12 0.9 0.15 0.1 0.1 3.1 1.0 0.042 0.3 4.6 1,101 185 40 70 18 13.5 1.2
Farinheira 0.004 4.0 0.12 0.3 0.16 0.11 2.8 2.0 0.09 0.1 6.0 963 141 25 70 18 1.6 0.7
Fiambre 0 0 0 0.16 0.65 0.15 6.4 3.5 0.29 1.1 2.0 1,875 375 18 164 25 0.9 3.0
Linguiça 0 0 0 0.3 0.6 0.25 9.6 5.0 0.4 1.8 3.0 2,909 381 30 200 22 2.0 3.2
Morcela 0.012 12 0.9 0.15 0.18 0.08 3.5 1.6 0.04 0.3 4.6 511 185 24 95 18 10 1.2
Mortadela 0 0 0 0.06 0.12 0.16 7.4 4.0 0.15 1.4 3.0 1,541 202 21 180 14 2.2 2.6
Paio de lombo (“marble”) 0 0 0 0.2 0.7 0.2 11 5.0 0.48 1.2 3.0 3,507 316 25 263 25 1.0 3.8
Paio de lombo entremeado 0 0 0 0.2 0.65 0.2 9.9 5.0 0.4 1.0 2.6 1,774 361 24 265 16 1.5 3.1
Presunto 0 0 0.8 0.2 0.7 0.28 11 6.0 0.41 1.0 1.0 2,570 580 23 200 41 2.0 3.9
Salame 0 0 0.7 0.11 0.36 0.22 6.6 3.0 0.25 1.0 3.0 2,301 139 25 200 22 2.3 4.3
Salpic~ao 0 0 0.7 0.3 0.35 0.18 9.4 5.0 0.41 1.0 3.0 4,336 575 27 235 36 1.7 3.0
Salsicha fresca (fresh raw sausage) 0 0 0 0.3 0.2 0.08 5.4 3.0 0.06 0.9 1.0 702 148 18 175 10 3.2 1.1
Salsicha tipo Frankfurt (frankfurt
type sausage)
0 0 0 0.3 0.15 0.08 2.5 1.1 0.1 0.75 1.0 1,008 61 14 99 4.0 1.0 0.5
Average (m) 0.0 1.1 0.3 0.2 0.4 0.2 7.5 3.8 0.3 1.0 2.5 2,094.0 302.1 22.6 188.7 21.2 2.5 2.7
DRI 500e625 10 12 0.9e1 0.9e1.1 11e12 1.1 2 320 < 2,300 4,700 800 580 255e350 6e8.1 6.8e9.4
DRI, dietary reference intake.
Note:Based on information from INSA, 2007 [29].
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C. Marcos et al / Portuguese traditional sausages 57For an appropriate sausage microbiological quality, it is impor-
tant to assure environmental temperatures below 4C in the initial
steps of meat manipulation, especially when storing in the refrig-
eration chamber and in meat transport containers. The low tem-
peratures in the early stages of manufacture and the appropriate
temperatures (which vary with the type of sausage) in the later
stages, have a special importance for the curing of meat. They are
crucial to the development of biochemical processes, which must
occur in sausages, and have direct implications on the hygienic and
sensory quality of the products. Moreover, reproducing the envi-
ronmental conditions of each of the manufacturing steps over time
is a determinant factor in the homogeneity of each batch and
consequently to the consistency of production [15,28].
3. Traditional sausage's nutritional composition
Table 2 shows mean composition standards of different nutri-
ents values for some PTS [29]. It also presents the dietary reference
intakes [30] for nutrients, intended for comparison between the
amount existing in sausages and the human requirements.
It can be seen that, on average, 100 g of these products provide
about 19 g of protein (approximately the same as meat), and pro-
vide almost all the niacin needed and between a third to a half of
the vitamin B12, contributing additionally to supply iron and zinc.
It can also be observed that despite the variability of the
different sausage types, on average they provide a very high
amount of sodium, nearly the limit for sodium intake (tolerable
upper intake levels ¼ 2,300 mg) with a minimum of 511 mg
(morcela) and a maximum of 4,336 mg (salpic~ao).
Sausages contribute about one third to a quarter of the total fat
recommendation, but for sodium, there is a wide variability (min-
imum 12.8 g for presunto, maximum¼ 53.6 g for chouriço de carne).
When considering the fatty acid proﬁle, sausages provide an
average of about 9 g of saturated fatty acids, (30e40% of the rec-
ommended amount), once again the minimum and maximum
values were found for presunto and chouriço de carne, providing 11 g
of monounsaturated fatty acid and 3 g of polyunsaturated fatty
acids, (the minimum value found for the salsicha fresca was 1.1 g
and the maximum for farinheira was 6.6 g). With regard to
cholesterol, these items contribute on average 71 mg (recommen-
dation should be under 300 mg), also with some variability, and
with a minimum of 32 mg for the alheira to a maximum of 110 mg
for chouriço de sangue.
Considering their protein content, Portuguese Traditional Sau-
sages may be an important part of the diet, but keeping in mind
that some products are also high in fat and thus contribute to in-
crease energy density, a part from providing a very high amount of
sodium. There are several studies that link salt intake to hyper-
tension, which is a major risk factor for heart and vascular disease
[31,32]. For these reasons, reducing the salt content of meat prod-
ucts has been proposed, with some authorsmentioning approaches
for reducing the sodium content in processed meats; for these
sausages, however, salt reduction is limited due to food safety
limitations, also affecting the ﬂavor and texture of products. Other
studies have demonstrated that the ingestion of meat contributes
both to increased fat intake and to excessive fat, saturated fat, and
cholesterol intake [33,34], and that this consumption is related to
development of chronic diseases such as cardiovascular disease,
obesity, and diabetes [33e37]. Portuguese recommendations con-
cerning meat are for 90e135 g/d, but considering there are other
sources of protein, meat does not need to be used on a daily basis.
It is worth pointing out a review by McAfee et al [34] where the
author argues that “most prospective studies have calculated the
degree of risk by comparing the lowest to highest quintile of meat
intake”, thus excluding moderate intake. He also argues that manystudies evaluate a dietary pattern, where different factors may
interfere with the outcome as high meat intake coupled with low
fruit and vegetable intake.
Conversely, meat and meat products may contribute as a source
of monounsaturated fatty acids and conjugated linoleic acid [33,34]
which has shown positive effects on health, particularly on several
chronic diseases such as cardiovascular diseases, diabetes, cancer,
regulating body composition, reducing body fat mass, increasing
lean body mass [38], and also on the immune system [39].
This perspective opens a new possibility, allowing the recom-
mendation of traditional sausages consumptionwith other positive
factors that can be introduced into the product itself, or in prepa-
rations/cooking techniques that can balance for the less positive/
negative effects of some characteristics of traditional sausages. This
will be subsequently discussed.
In all of the recommendations, the importance of moderate
consumption is highlighted as a preventive factor for chronic
diseases.
The actual United States Department of Agriculture recom-
mendations are in order to reduce meat intake and to choose lean
meat cuts. Portuguese recommendations concerning meat are for
90e135 g/d, but considering there are other sources of protein,
meat does not need to be used daily [40].4. Future trends
The traditional food sector in the European Union consists
mainly of small and medium enterprises (SMEs), represent-
ing > 99% of enterprises and about 70% of employment in the Eu-
ropean food and drink industry [41].
Innovation through the creation, diffusion, and use of knowl-
edge has been recognized as a key driver of economic growth.
Indeed, in an increasingly global market, innovation is a strategic
tool for SMEs to achieve a competitive advantage; by innovation,
SMEs can explore the possibilities of developing new products, new
formulations, new techniques, or new markets. The innovation
push is considered as vital for any enterprise and in particular for
SMEs; when the focus is ethnic/“traditional food products” (TFPs),
there are some questions arising in terms of feasible trends, which
are difﬁcult to deﬁne.
Interest in innovating TFPs appears to be related to the possi-
bility of obtaining healthier products, leading to possible extra
regional sales, although with the associated risk of loss of cultural
heritage and loss of the original ﬂavor of products. Additionally, one
must consider the constraint that is the volatility of consumer's
changes and preferences [42]. With this scenario, combining the
application of food science and food technology (e.g., nutritional
proﬁle) with marketing and consumer sciences (trends in the meat
sector regarding healthier products) and development of improved
or new products whilst keeping their traditional value may be the
way to the innovation on the TFPs sector.
Considering food items in general, meat remains a traditional
category with low levels of innovation versus other fresh food
sectors. Many local preferences for types and cuts of meat remain
broadly unchanged and dominate wider consumer offer through
retail and foodservice [43]. However, there are changes in the way
retailers and foodservices are communicating, branding, and
selling fresh meat products: (1) by enhancing value and creating
differentiation through provenance and transparency (breed
branding, more direct channels to increase the connection of the
consumer to the source, quantity and quality of the information
provided, role of packaging; (2) meeting the desire for a greater
involvement in in-home cooking experience and the need for
convenience; (3) new ﬂavors, tastes, and religious preferences are
J Ethn Foods 2016; 3: 51e6058shaping the style of meat being sold; and (4) retail models are
shifting towards consumers “ongoing need for better value” [43].
Numerous studies have sought to demonstrate the possibility of
changing the image of meat and meat products from the tradi-
tionally accepted image to one suggesting a healthier way of life,
through adding speciﬁc ingredients (vegetables, extracts, ﬁbers,
and so forth), elimination of fats, and reduction of artiﬁcial addi-
tives. Meat and meat products can be modiﬁed by adding in-
gredients considered beneﬁcial for health, or by eliminating or
reducing components of those considered harmful [36,44,45].
Modiﬁcations can even be conducted at earlier stages, i.e., rearing
speciﬁc breeds with speciﬁc diets in order to achieve speciﬁc meat
compositions; such is the example of the Alentejano pig breed [46].
As previously stated, the Alentejano pig is an autochthonous breed
reared in the southern region of Portugal and genetically similar to
the Iberian pig. This lard producing breed, generally slaughtered at
high body weights (~150 kg), is characterized by slow growth rates
and high lipogenic activity at early stages of development. When
traditionally ﬁnished under free-range conditions, the Alentejano
pig is fed with acorns and grass during winter months. Its fat and
intramuscular lipids have high amounts of oleic acid (C18:1),
closely related to feed fatty acid composition, and are considered
less deleterious to human health than fat and pork rich in saturated
fatty acids [47]. The use of these ingredients in meat products offers
processors the opportunity to improve nutritional and health
qualities of their products.
Innovation related to TFPs, including meat products and there-
fore traditional sausages, is thus possible and already in progress,
although somewhat controversial as previously discussed as it
distorts the concept of a traditional product.
Apart from controversial issues, changing the formulas of meat
products in order to obtain ﬁnal products more nutritionally
balanced is effectively a trend in the meat sector and also becoming
a reality in the traditional sausages sector.
Accordingly, in recent years, some studies and reports have
surged in Mediterranean countries, including Portugal. The ﬁrst
category is functional/healthier sausages [48] like traditional cured
meat products from Requena, Spain, with the reduction of non-
healthy components; e.g., salt, fat or the replacement of non-
healthy compounds by others with the same functionality, but
considered healthier. Supplements addition of any substance
already in the composition of the product but in low levels, to
achieve a level with beneﬁcial effects (e.g., vitamins and minerals
up to the daily intake); enrichment addition of a new functional
ingredient (e.g., enrichment with, nuts, orange juice, olive oil) [42].
Also, La Rioja SMEs have recently launched a new functional
foodda sausage in stringwith a high content of omega 3 fatty acids.
Research has made it possible to obtain a product enriched with
omega 3, with higher added value, and the formulation of which
allows nutritional labeling. In addition, sensory characteristics are
the same in relation to a traditional formulation. In this way, it is
considered to be a sausage in string satisfying the demand of the
current consumer, with a ratio of fats more balanced by the addi-
tion of omega 3 and retaining up to 100% the taste of the traditional
sausage [49]. In a different manner, but also in an effort to offer a
new healthy product to consumer, the wheat protein seitan was
used in Italy for the production of mosaic poultry salami [50].
Another trend category is in line with the concept of “open
innovation” applied to sausage manufacturing, where synergies
among producers are leading to the outcome of products highly
attractive to consumers by the factor of surprise they bring, while
keeping a traditional style and name but changing the ingredients.
For example, in Portugal there are new references such as “far-
inheira de presunto e azeitonas” (farinheira made with dry cured
ham and olives) or “alheira de presunto” (alheira made with ham),where traditional types of sausages surge with unlikely in-
gredients. There are also cases of producers claiming new for-
mulas towards a healthier diet (closer to the Atlantic diet) with
the launching of “alheira de vitela” (alheira made with veal) in a
strategy leading to new market niches particularly among urban
consumers.
In our opinion, sausages and other TFPs can follow the current
string of trends in innovation mainly in three areas without
suffering any genuine change. The ﬁrst relates to the packaging
componentdits added value and the presentation of other forms of
packed products, such as modiﬁed atmosphere packaging, sliced, in
individual grouping packs. In terms of package presentation, there
is some evidence showing that modiﬁed atmosphere packaging in
smoked dry sausages (chouriço) leads to an effectively better
preservation of these products [25], while improving them in terms
of presentation and convenience to consumers. In recent years, in
the Portuguese market, there has been an increasing offer of
traditional sausages ready to use, namely, sliced products like the
lombo branco de Portalegre PGI, painho de Portalegre PGI, or the
Salpic~ao.
The second area relates to the health component: developing
studies to create balancedmenus and/or balanced diet plans, where
traditional sausages are included, surpassing any individual
imbalance of the product itself (sausage). This is probably the one
that is least explored and where surveys and studies are needed in
terms of compositions of menus, but also where there seems to be
plenty of opportunities to develop new food proposals.
Finally, the third area is related to the ethnic gastronomic
component, with the use of these products at the restaurant/
foodservice level for creating entirely new dishes out of the
regional concept and also creating new markets. It is worth
underlining that it is within the restaurant area that traditional
products have an important segment of its total market. Indeed,
regional food is much required and appreciated. A huge and rich
variety of gastronomic specialties results from the characteristics
and marked differences between regions. In large cities, one can
beneﬁt from this variety through specialty regional restaurants.
Many of these traditional products are promoted and more valued
in these establishments. Similarly to cheese, meat, wine, and fruits,
traditional sausages also have an important market segment in the
restaurant/foodservice area. That is a good place for certiﬁcated
products being disseminated from well recognized regions and
where chefs play a crucial role [51]. These professionals have been
recognized as potentially important partners in promoting local
food systems. However, even consumers more enthusiastic about
regional and traditional meals are open to new experiences. Per-
ceptions about quality of meals are increasing, with consumers
seeking for unique dining experiences, not only to have a meal, but
also to experience the environment in which the meal is taking
place, the restaurant concept, and most of all, the sensory experi-
ence. This relies more on the skills and art of the chefs, thus
increasing pressure on the creative capacity of these professionals
[52,53]. In terms of traditional meat products, there are some
studies indicating that the use of new food cooking technologies
can be a tool to help culinary arts professionals to optimize the use
of TFPs. Dry-cured pork foreleg, Lacon gallego that is usually
consumed after it is desalted and boiled, was sous-vide cooked,
showing good results not only organoleptically, but also regarding
microbiological characteristics [54].
There are studies revealing that chefs are most interested in
intrinsic food qualities, such as taste and freshness, and less inter-
ested in production standards. As opinion leaders, chefs utilize
signage, wait staff, and cooking classes to promote local foods [55]
and therefore may be strategic for innovation in these last two
mentioned areas.
C. Marcos et al / Portuguese traditional sausages 59Combining these areas is a relevant opportunity for opening
new perspectives to PTS not only at a national level, but also
considering its internationalization outside of the Portuguese
speaking countries and emigrant communities.5. Conclusion
Traditional ethnic food products are an important part of Eu-
ropean culture and identity and have always been a staple
component of the Mediterranean diet, not only as a source of
protein, but also to enhance ﬂavor and taste to food compositions.
PTS are produced all over Portugal and present a wide variety of
types, many recognized for their quality, with a total of 38 certiﬁed
products.
Traditional sausages may play a signiﬁcant role in nutrition,
considering their protein and micronutrient content, but keep in
mind that some products are also high in fat and thus contribute to
increase energy density.
In terms of innovation, various trends are emerging that
consider either improvement of nutritional proﬁles, or the use of
different raw materials, added ingredients, or even enhancing
presentation and preservation of traditional sausages through
packaging.
From a gastronomic point of view, it has been recognized that
consumers are open to new experiences and have a higher
perception about the quality of meals, which together with the
intrinsic and unique characteristics of TFPs, makes this an oppor-
tunity to combine new food technologies along with menu crea-
tivity, nutritional balance, and culinary arts to optimize the use of
traditional sausages in particular.Conﬂicts of interest
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